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Abstract of corresponding document. WO9623909 

An ultrahigh-strength and low-yield-ratio line-pipe steel being excellent in HA2 toughness and field 
weldability and having a tensile strength of at least 950 MPa (exceeding the API Specification 100). The 
steel comprises a low-C-high-Mn-Ni-Mo-Nb-trace Ti steel, further selectively contains if necessary B, Cu, 
Cr and V, and has as the microstructure a hard-soft two-phase mixed structure comprising 
marten site/bain ite and 20-90 % of ferrite, the ferrite containing 50-100 % of worked ferrite and having a 
grain diameter of 5 mu m or less. It has thus become possible to produce an ultrahigh-strength and low- 
yield-ratio line-pipe steel (exceeding the API Specification 100) excellent in low-temperature toughness 
and field weldability. As a result, it has become possible to improve the pipeline safety remarkably and to 
improve the pipe-lining performance and conveying efficiency largely. 
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j ^^^^^.^jK.Hs^tt.^S^'ll^^SA-^Sifflf-^, ^^^^^ 

C : 0.05 M 0.10% 
Si : ^&it 0.6% 
Mn: 1.7*4 2.5% 
P: ^^.it 0.015% 
S : ^^it 0.003% 
Ni : 0.1 *J 1.0% 
Mo : 0.15 *J 0.60% 
Nb : 0.01 M 0.10% 
Ti : 0.005 M 0.030% 
Al : K&it 0.06% 
N: 0.001 *J 0.006%, 

M 90%,&*^&^50 *J 100%^i«'ft*#»;-**.#.X+ ; ^*St,5 n m : 
P=2.7C+0.4Si+Mn+0.8Cr+0.45(Ni+Cu)+(l+ P )Mo+V-l+ P ; 
j5#&##£ B<3ppm 0, IB > 3ppm H" P #.0L- 1. 

2. -##Ufc*L*J** 1 i***ltAI!L*t#»4t *»*rf-* 

B : 0.0003 J'J 0.0020% 
Cu : 0.1 1.2% 
Cr : 0.1 M 0.8% 
V : 0.01 M 0.10%o 



Ca: 0.001 *J 0.006% 

REM : 0.001 *J 0.02%, « A. 

Mg : 0.001 &\ 0.006% . 

C : 0.05 $'} 0.10% 

Si : ^&i± 0.6% . .. 

Mn : 1.7 *J 2.2% 
P : it 0.015% 

S: it 0.003% : 
Ni : 0.1 #J 1.0% 
Mo : 0.15 *J 0.50% 
Nb: 0.01 *J 0.10% 

Ti : 0.005 $\ 0.030% ; - ' 

Al : it 0.06% : : vt W • 

B: 0.0003 i'J 6.0020% • " 
" INT : 0.001 i»j'0.606%, «JL : • ^ ■ • -*< 

*#^T*#i£ ? Jir^^ 

i'J 90%,^*^&^-50i'J 100%^^^^^^;^L*^Ai-^^it 5 *i m: 
P=2.7C+0.4Si+Mn+0.8Gr+0;45Ni+2Mo^ 

5. — *t 4 ^^^.^HHs^ifc^S^'li^^Svl^^W 

V : 0.01 i'J 0.10% 
Cr : 0.1 M 0.6% «^ 
Cu : 0.1 *J 1.0% o 

6. — ^■^^■^l^^^K^A¥t^^^JL^Mm^^-^t: J t^^ 
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C : 0.05 n 0.10% 

Si : ^^it 0.6% 

Mn : 1.7 *J 2.5% 

P: 0.015% 

S : ^^ii 0.003% 

Ni : 04 *J 1.0% 

Mo : 0.35 n 0.50% 

Nb: 0.01 M 0.10% 

Ti : 0.005 *J 0.030% 

Al : it 0.06% 

Cu: 0.8 n 1.2% 

N: 0.001 *i 0.006%, « A 

&#;&Tfc#i£/fl^&*tf&®# 2.5*J 3.5 P#L«#. 

■■* *t^*^^* 20 

#J 90%, «. 50 n 100%tt 5 m m : 

P=2.7C+0.4Si+Mn+0 ? 8Cr+0.45(Ni+Cu)+Mo+V-l 

Cr : 0.1 *J 0.6%, 

v : o.oi n 0.10% 

Ca: 0.001 *| 0.006% 
REM : 0.001 *J 0.02%, 
Mg: 0.001 i'J 0.006%o 



vi W * 



&lLW$JL-ft*l&&JLft, £4i#&£(TS)j£:>-# 950]ViPa 

•f65S& ® ^ ^ X; T ft 4fr ill ^ ^ 4^ ^ ^ ® f - it >h & ^ 

*^^TftJ3L%^.i^t+4l.^o^*JII:B>5j*^£^ (API)# ^X80(& IH & 
JiJ.^ 511MPa , -ii^tS^i^^ 620MPa ) tt^ft'ft t B'lft 

9^T, £ X80 ^£fflf^&£^i£(W^ 138 -f- 

( 1 992)24-3 1 The 7th Offshore Mechanics arid Arctic Engineering 
(1988) 179-185 ti)ti&fkkf &&4rP£¥*£& 8-f 1 9i '-WfrSLf^ 

-y % 950MPa(4£it API # #J X100)o 
Mn(I^ 1.7%)*^, ^^T^.^^^^ Ni-Nb-Mo-#.* Ti , 'JL£JL#.£&£i 



P=2.7C+0.4Si+Mn+0.8CH-0.45(Ni+Cu)+(l+ P )Mo+V-l+ P 
2 B<3ppm Pte**, 3 B > 3ppmBtP«L* I. 

Ni-Cu-Mo-Nb-& * Ti , (2) * JL £t £l ft & ^ M * * ^(-f 

*>Un#r&*», iSL&Ufy &AXfcx.&X% 750MPa „ 

Nb-Mo 4***/^%*..^* 950MPa «-t 

&2LW&2LW%in!!LZL, Nb-Mo *9 t ^Titit/* ■ 

«.|E#*?(rit^*a.*i*t, 950MPa 4*4; Sit ti* AS 
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C : 0.05 *J 0.10% 
Si : 0.6% 
Mn : 1.7 M 2.5% 
P : KM.3t 0.015% 
S: V*k 0.003% 
Ni : 0.1 *J 1.0% 
Mo : 0.15 M 0.60% 
Nb : 0.01 *) 0.10% 
Ti : 0.005 M 0.030% 
Al : ^^i± 0.06% 
N : 0.001 M 0.006%, 

1^9 *l 4.0 P « A. 

ll: & tit ViMk* ki^##^i;^i^^^V% t 20 

^ J 90 < %,1^¥^ ; '& ^ 50" *f ibO°A^Wf^^i^t^ir-MM^ 5 ' M in : 
! ^ilt|>0.4Si+Mn+6.8t^ ' * 

3 # *Mf-# S BOppm # W^I; V 'S'B : >- 3ppih P '*L& J 1 o 

; (2) £ ( 1 

B : 0.0003 i'J 0.0020% : " " 

Cu : 0.1 *J 1.2% 

Cr : 0.1 *J 0.8% 

V : 0.01 *'J 0.10% 

(3) — ( 1 ( 2') 

Ca: 0.001 i'J 0.006% 
REM: 0.001 i'J 0.02%; 
Mg: 0.001 i'J 0.006% 



(4) ^^^^#.^|g.Hs^>ffeg.>(&S%j^^^S>ll-f-^«'f #J, te^m 

C: 0.05 i'J 0.10% 

Si : ^&it 0.6% 

Mn : 1.7 *l 2.2% 

P : 0.015% 

S : K&it 0.003% 

Ni : 0.1 M 1.0% 

Mo : 0.15 M 0.50% 

Nb : 0.01 H 0.10% 

Ti : 0.005 0.030% 

Al : ^^ii 0.06% 

B: 0.0003 *1 0.0020% 

N: 0.001 M 0.006%, « & 

$} 90%,^L*^&^50 J'J 100%^ £#&*^;3L*# L >^ ; * ; & i £ 5 M m: 
P=2.7C+0.4Si+Mn+0.8Cr+0.45Ni+2Mo ; 

(5) — *ml** ( *) ^^*^^k^ki^s.^^««4^ ft 

V : 0.01 *J 0.10% 
Cr : 0.1 *J 0.6% 
Cu : 0.1 *] 1.0% 

(6) — tt&yR&&fcfcfri£&&&to&#%$&^&®^&> 

C : 0.05 M 0.10% 
Si :\ K&it 0.6% 

Mn : 1,7*1 2.5% , • . . 



P : 0.015% 

S: KM.it 0.003% 

Ni : 0.1 M 1.0% 

Mo : 0.35 M 0.50% 

Nb: 0.01 *J 0.10% 

Ti : 0.005 M 0.030% 

Al : KM.it 0.06% 

Cu: 0.8 M 1.2% 

N: 0.001 M 0.006%, 7L 

I- t^T ft S^ii ffl 1 1*5 s£ B ^ 2.5 i'J 3.5 ^ P t «^ 

£ 5 jq ^*^&**&&tf £f £**^* 20 

#J 90%, *** 50 *J 100%^ 3t**; ^*^ A ^ ^^i± 5 n m : 
P=2.7C+0.4Si+Mn+0.8Cr+0.45(Ni+Cu)+ Mo+V-1 
(7) — ( 6 ) *8#jAtfaJ5i Bl&^LfL&& 

; .. w .. .. ... . _ " 

Cr : 0.1 *J 0.6%, , . V .. . 

V: 0.01 *J 0.10% r r . ' . 

Ca: 0.001 #J 0.006% 

REM: 0.001 #1 0.02%, # & 

Mg: 0.001 #J 0.006% 

950MPa 65^^4i^tSjl, ^^^X^tii.^, 
-Jt*^*.*-^ ******** 20 >J 90%(i£.3>K.*/ 

ft ****.&^*10*J80%)o ^*****^-f 90%N-, 



A 30 4 80%o m ********* 20 *J 90%, 

#^**,i£— A^^*L*#.«*i«^*.*A (separation) , 
#*4fc*****SL£**-f 5 n m> 

**#.(**)«**! AA«*t*****^^*** A ' HffL#£si_ 

C^-^rf?-*!^ 0.05 *J 0.10%o ^^l4€^^ #sfc*$ >L* „ # 
^ 0.05%<$ C o it^^ii^^ Nb *» V 

0.10%. 



m-*r%-*k%$i£-Tft~ sit'; o.6%o ; *M**e*.iiit*»-A Ti *> 

g jifc, 4_hffL^^ 2.5%o Mil 1.9 *J 2.1%. 

Jf*. 4 ^ A Mn ^ Gr ^'Mo tarti, Ni 4$*i X£3L4J A 

id*'**!*!* i HAZ HXZ ^-S.^ ft^f , ; #»l'f ^« Ni A 

* # £ -f 0 3 % o is. £ , -jfe %lifi> ifr Jh&&M^ HAZ ; ^ 
4^^4t#'^° m ^ -tffl^^l;6%o Ni ^A^^^^^^^^^ 

' Wtffao)'** i # f 4€ ^ ^ T k 4t m%> Wft n ^M & /*£ % 
¥i . Nb k ; Mo 3 & ft M & M it & t & *. # # & »» # * ■ 
>2£'f?-ii*t5fc£, i^«*»0.15%*^Mo. te^Ait*tf Mo 
^ % HAZ & & % T *?- 44 , £ -h £ 0.6% . 

#?Y, fr&££ti*$-*i4r'1t 0.01 JL 0.1%#Nb> 0.005 J. 0.030%^ 
Ti ^^*-Ab>t#o - 

Mo ( Nb)^**l4L*Jit«t'**l*^#**a#Mit 

% Nb'^*±^N-, ^HAZ ^•l±^J9t%T^-l4/ t ^^^^^» BA, * 
_tlH££ 0.10%o ' 

%^-yr k y ■'*iA|t(Ti)/ t i'*»-'h TiN , ##J4«,fc«*^&H-A*f4£ 
HAZ t4^.1.^^ft, Jwfli'jL-dtte'tR', it'*-*:^^*^ HAZ 
$M±, § Al ^*'MH-(*»^£-f 0.005%), T\ty&.%.iL&, A 1*1 
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i 

*4tHAZfciR. Ti 
;M A 0.005% «* Ti Ti ^*i±^N", TiN WJ./4TiC4«a**' 
4fca*M*TI*. *JiflL*:* 0.03%. 

0.06%, *4fc«5^*A QA^-tte 
0.06%o JfcATW*»Ti Si Al . 

f.(N)#ATiNi HAZ t 

&#*L>ft, ***^A^-HAZn4t«*4t..***T*««***^*A. 

0.001%,- <S N^*±^»t, -.N-it.A4(lA*4L«*l», #BB* N *4t 

HAZ*l*fcTl*. H*. -*-tflLflL».^* 0.006%.: 

0.015%*- 0.003%» *Aii*;fc*tf.£*fl 
HAZ^^.fi*J'lio IM* P ******** t 

-fc6$MnS, # «fc 

B: 0.0003 ^ 0.0020% 
Cu : 0.1 S. 1.0% 
Cr : 0.1 M. 0.8%, iSCA 
V : 0.01 M. 0.10% 

■> :T A BU Cu > Cr > V . Ca , Mg> Y ^ ^. 

rt^i*. 3>K &********.#.**■ . ^*>Jfl^*#*?i|$W 
JM§ SAW t; B#*J HAZ-+A****** A*,** HAZ **W*. ,*? 
* B *"***it 0.0003%. 0.0020%, B *4tf## 

♦♦A,^********,.'.*** *° A * * f 0.0003 ^ 0.0020% ^ £ 

H-.fl*. ./ . : • • ■ : ■ . • • • •• '•' . •. • y r - -, : v 



X 



0.1%o PHI Cu ftft&4t®&££it&5\&.&fc : £&$' HAZ 

fcMi^Tfr, Cu t. ■ HA,' *AWt* U%. 

#-(Cr)4£ &?r& ESi . : X * jfc. $ *>J ;• JL'# ft fa HAZ ft 

T^'lio @ Cr^*^il^>Ct^ 6.8%, ^*»'Al>f 0.1%IIM>i'm 
Jf), ftT^t^ 6.1%. 

0.01%, * m#W±&4fm ®JtT-rifa&2j 0.01%.^HAZ 

ft.|t * f k £ i f£ & T JL " 0.1 0% \ • & K 0.03 J. 

Ca : 0J66l K & - . 

REM : 0.001 M. 0.02% ' : s - •:> - 1 

MgrOOOl J. 0.006%, - 
Y : 0.001 M. 0.010% 

T«#^#^^Ca, REM. MglY^iK*p 
Ca ^ REM'ifc*| , 4L : ft«r(MnS)> fc i, 4**A*-*moftfr*$*#*-*£ 
3£t ^&ik)o tei, fTCa'* REM 0.001 % N" ^ , 

Ca V*^^ O.b06°/oil REM ^*^.it 0:02%Bt, 
CaO-CaS REM CaS , /i^M^i:^*; 
^A^Tl^A^^^T^'li^^^^'^.. 0 A, Ca REM fa^tiXfl 
Afr$4lt% 6.666% i 0.02%. i5>k ^^^s^-f-Mf t, # S^O 
0.001%^ 0.002%tf&# ESSP=(Cu) [ 1-124(0)] /1.25S fl 
0.5 < ESSP < 10!o ##J«o "ESSP -^A "#5fc#.4t4M*& 



^(Mg)^^(Y)^#A^**Ut4*r, 

31 # A £ A *» 4fc4fc * * T If" . HA, 
MgrO.OOl 3. 0.006%A Y:0.001 J. 0.010%» £*» A Mg Y H", 
+ Al^**Ltf£**;t-f 0.005%.. 

P=2.7C+0.4Si+Mn+0.8Cr+0.45(Ni+Cu)+(l+ P )Mo+V-l 

£#Jt^ Mo H, 1.9 < P < 4.0, 
-Joi£*» T B, JN 2.5 < P < 4.0, 
Sftt^l^^TCu, JW 2.5<P<3.5 o 

it**T£afcAa£4«**tf+#*WN-*lf* HAZ ***** 
Jfc*T*f*fc* P teTteit* 1.9 ttlEffi^* 950MPa 65 
S**4t. Pte-hf*-*!* 4.0 HAZ*4£*»#.*&^*f'l£. 

&- * £ H f , -T- *f 4fc C- * Mn-Nb- V-Mo-Ti 3£ 4« , — *f Ni-Mo-Nb-* 
* Ti-£* B 3? 48 A— *t Ni-Cu-Mo-Nb-&* Ti £ 

-iM^tft, 950 J. 1300 TC^fiiM., 

-f 950 TC tfS&T £ Hr&M &TX>£ >' * 50%, £ 
Ar 3 ,U An A ^ SI 65 ** *■ * « * & K * I * T * * 10 *J 70% , 
«-15i50%, ftlL^jLajt* 0,50 i 800 TC. A^, t* 

#, io ^t>/#i***.*j£jMf.4**-f soo 

1300 x:***^»N-*^a*t^*-4b«4i».s?^. r ^" 5 5 r *» 
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i^r^^fiATfft^^ 950X„ - 
'*#*»^«|JS*«ait^^, 950 r^alTr^ 

THii^*' 50%, £ Ar 3 ^ Ar, .&4Lffl tf £*f-,&T*fcA 10 ^ 70%, %L*f 
^ 15 A 50%, jLai** 650 J. 800 TC . # 950 t:«TS*|-*L 

#J # T * te#J * £ / 50% % m >f *» £ * * # & & £ 4L '« , ft *9 
ft, * £ # & « * # £ £ *fc* ^- ^ ftfr iS.-^ 

Sil^'^ 950 t#4£iti&;^ 

>13f — ^X flL). ••*■ -- 

3 >k £ * £ »e t , k#W& el** * *t jk t:-£B.<% io 

JL 70%, i^it^is^A* "650 ^ 800 X: o T i&— -Fiw4t£ &^ 

la k , tit - i & £ 4 # M £ £ , ) ^ X ' 

x i A h!i # & *t iui s. £ . f : m & ^ si # ?* m £ # 650 tr. >. 

& x *k&'fr&'&&'&Jh-T 800 V, 

*k&*k*; io-x:/#^^^T^# 
io x/^tf^+attT^ite^ 500 t:^^#s>1o &j.:>- io xzm^^ 

*?z££T $~ £l% T fa site It £ 4fc & iR „•■ *» ^ ifc-fc -J- 

io "t:7^4.*i^jt*A*-f '500 t; &itte t gft,2t4Si^^s^'ii 

ila) # ItTx i t ^ ^ 6§ ^ * . 



1 



vX T #&i£ & 2L W #i £ 
1 > 

-S-#^^^^^^«^^^r^*L#^^ft.iir(^li: 50kg, 240mm 
ilA#*r^^#it^(240mm >*)£-,*o 1=) &^T&&&^& 

^ 15i 32mm ^-^ T *4-^^#.^^^^^la^(^^^*L^^ 

gjt: TS,-40T:T«4H r *-S.^^^1S:Sfe: vE^», 50%llr 
vTrs)o 

HAZ & 44(-20 1C T^te^ # "A tft vE. 2 „)i& it HAZ £ 
(^.ti^&SJi: 1400 TC, 800 TC^ 500 T:^^N"N [Atgoo-sool : 25 

$L%Tr#te.&iti*\itmLSb Y %jkxj&&1t$L-i£.£: ( JIS G3158 ) t 
HAZ#,5^-^-^r^^^^.«^fi>t*^^(^^^*- VfMr£t*f#, ff- 
£: lOOMPa , 0.5KJ/mm , -*H*4-Jl 3cc/100g 

4*,S4»*t**-f 4fr* HAZ *J»I±«.^^T^'I4«. *t 48 ^ # •!£ t& *F ^ 

fc-f 9-t^^-C*ii^, HAZ *f4*Bt*S 

^S^l*,^o 13 -^t ®**> Nb , ^-frA*^"* 

mfenti. 14 t^ta s^**.i>, haz 
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